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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  t he   p r o d u c -  

t i o n   of  a l k y l a m i n e s ,   and  p a r t i c u l a r l y   to  t he   r e a c t i o n  

of   m o n o o l e f i n s   w i t h   a m m o n i a ,   in  t he   p r e s e n c e   of  a n  

a l k a l i   m e t a l   amide   c a t a l y s t .  

A l k y l a m i n e s   h a v i n g   1-3  a l k y l s ,   e ach   w i t h   2 - 6  

c a r b o n s ,   s u b s t i t u t e d   on  ammonia   a r e   p r o d u c e d   c o m m e r -  

c i a l l y   by  the   r e a c t i o n   of  an  a l k a n o l   such   as  e t h a n o l  

w i t h   e i t h e r   a m m o n i a ,   a  m o n o a l k y l a m i n e   or  a  d i a l k y l a m i n e .  

S i n c e   t he   a l k a n o l   is  i t s e l f   n o r m a l l y   p r o d u c e d   by  h y d r a -  

t i o n   of  an  a l k e n e ,   e . g .   t he   h y d r a t i o n   of  e t h y l e n e   t o  

e t h a n o l ,   t he   d i r e c t   p r o d u c t i o n   of  a l k y l a m i n e s   f r o m  

a l k e n e s   w o u l d   s a v e   a  s t e p   in  most   c o m m e r c i a l   o p e r a t i o n s .  

In  a d d i t i o n ,   the   d i r e c t   p r o d u c t i o n   of  a l k y l a m i n e s   f r o m  

a l k e n e s   wou ld   e l i m i n a t e   t he   p r o d u c t i o n   of  w a t e r   as  a  

b y - p r o d u c t ,   w h i c h   mus t   be  s e p a r a t e d   f rom  t he   p r o d u c t  

a l k y l a m i n e s .  

P r o c e s s e s   have  been   p r o p o s e d   f o r   r e a c t i n g  

m o n o o l e f i n s   w i t h   a m m o n i a ,   m o n o a l k y l a m i n e s   or  d i a l k y -  

a m i n e s   to  p r o d u c e   p r o d u c t   a l k y l a m i n e s   w i t h o u t   t he   f o r -  

m a t i o n   of  b y - p r o d u c t s .   For   e x a m p l e ,   B.  W.  Howk  e t   a l . ,  

in  J.  Am.  Chem.  S o c . ,   Vo l .   76,   pp.  1 8 9 9 - 1 9 0 2   ( 1 9 5 4 )  

d i s c l o s e   t h e   r e a c t i o n   of  ammonia   or  a l k y l a m i n e s   d i r e c t l y  

w i t h   o l e f i n s   such   as  e t h y l e n e   a t   e l e v a t e d   t e m p e r a t u r e s  

and  p r e s s u r e s   ( w e l l   above   the   1 3 2 . 5 ° C   c r i t i c a l   t e m p e r a -  

t u r e   of  ammon ia )   in  t he   p r e s e n c e   of  m e t a l l i c   s o d i u m ,  



p o t a s s i u m   or  l i t h i u m ,   t h e i r   h y d r i d e s   or  t h e i r   a m i d e s .  

T e m p e r a t u r e s   in  t he   r a n g e   of  1 7 5 - 2 0 0 ° C   and  p r e s s u r e s  
a b o v e   400  a t m o s p h e r e s   in  t he   r a n g e   of  8 0 0 - 1 0 0 0   a t m o s -  

p h e r e s   a r e   i n d i c a t e d .   C o n v e r s i o n s   b e l o w   50  p e r c e n t  

f o r   r e a c t i o n s   w i t h   ammonia   a r e   i n d i c a t e d   u n d e r   t h e s e  

c o n d i t i o n s .   H i g h e r   c o n v e r s i o n s   a r e   r e p o r t e d   f o r  

r e a c t i o n s   of  a l k y l a m i n e s   w i t h   o l e f i n s   w i t h   s i m i l a r  

c o n d i t i o n s .   The  a u t h o r s   s u p p o r t   the   t h e o r y   t h a t   t h e  

r e a c t i o n   p r o c e e d s   t h r o u g h   an  a n i o n i c   m e c h a n i s m .  

For   the   r e l a t e d   r e a c t i o n   of  a l k y l a m i n e s  

w i t h   o l e f i n s ,   U.S.   P a t e n t   2 , 7 5 0 , 4 1 7   to   C l o s s o n   e t   a l  

( 1 9 5 6 )   t e a c h e s   b r o a d l y   t h a t   i n o r g a n i c   as  w e l l   as  o r g a n i c  

a m i d e s   of  a l k a l i   m e t a l s   may  be  u s e d .   W i t h o u t   a c t u a l  

e x a m p l e s   o t h e r   t h a n   of  s o d i u m   a m i d e ,   t h i s   r e f e r e n c e s  

s u g g e s t s   t h a t   t he   o t h e r   a l k a l i   m e t a l   a m i d e s   ( l i t h i u m ,  

p o t a s s i u m ,   r u b i d i u m   and  c e s i u m   a m i d e s )   w o u l d   a l s o   w o r k  

f o r   t h i s   r e a c t i o n .  

U .S .   P a t e n t   3 , 4 1 2 , 1 5 8   to   M c C l a i n   ( N o v e m b e r   1 9 ,  

1 9 6 8 )   d i s c l o s e s   t he   r e a c t i o n   of  e t h y l e n e   w i t h   ammonia   i n  

t he   p r e s e n c e   of  a  G r o u p   V I I I   m e t a l   c a t a l y s t   in  t h e  

v a p o r   p h a s e   a t   a  t e m p e r a t u r e   b e t w e e n   9 0 - 1 7 5 ° C   and  a t   a  

p r e s s u r e   b e t w e e n   a t m o s p h e r i c   and  2000  p s i   ( 1 0 0 - 1 4 , 0 0 0  

k P a ) ,   and  e s p e c i a l l y   b e t w e e n   a t m o s p h e r i c   and  100  p s i  

( 1 0 0 - 8 0 0   k P a ) .   None  of  t h e s e   p r o c e s s e s ,   no r   a n y  
o t h e r   p r o c e s s   u s i n g   the   m o n o o l e f i n   d i r e c t l y ,   h a s  

a p p e a r e d   to  s u p p l a n t   t he   a l k a n o l   r e a c t i o n   in  c o m m e r c i a l  

o p e r a t i o n s .  

M i x t u r e s   of  s o d i u m   amide   and  p o t a s s i u m   a m i d e  

a r e   d e s c r i b e d   as  h a v i n g   m e l t i n g   p o i n t s   b e l o w   t h a t   o f  

e i t h e r   c o m p o n e n t ,   w i t h   a  1 :2   m o l a r   e u t e c t i c   b e i n g   d i s -  

c l o s e d   to  m e l t   a t   a b o u t   90°C  in  J .   A m e r i c a n   Chem.  S o c .  

v o l .   45,   page   712  ( 1 9 2 3 ) .  

BRIEF  DESCRIPTION  OF  THE  INVENTION 

I t   has   been   d i s c o v e r e d   t h a t   when  t he   a l k a l i  

m e t a l   amide   c a t a l y s t   used   f o r   t he   d i r e c t   r e a c t i o n   of  a  

m o n o o l e f i n   w i t h   an  ammonia   to  p r o d u c e   a l k y l a m i n e s  

c o n t a i n s   a  s u b s t a n t i a l   p r o p o r t i o n ,   e . g .   a t   l e a s t   25  m o l e  

p e r c e n t   of  c e s i u m   a m i d e ,   r u b i d i u m   a m i d e ,   or  m i x t u r e s  



t h e r e o f ,   or  is  a  m i x t u r e   of  p o t a s s i u m   amide   w i t h   e i t h e r  

c e s i u m   amide   or  s o d i u m   amide   m e l t i n g   b e l o w   t he   r e a c t i o n  

t e m p e r a t u r e ,   a  s u b s t a n t i a l   i m p r o v e m e n t   in  t he   c o n v e r s i o n  

to   a l k y l a m i n e s   is  a c h i e v e d .   I t   has  been   f u r t h e r  

d i s c o v e r e d   t h a t   the   p r e s e n c e   of  l i q u i d   ammonia   in  t h e  

r e a c t i o n   m i x t u r e   a p p r e c i a b l y   i n c r e a s e s   t h e   r e a c t i o n   r a t e  

and  c o n v e r s i o n ,   a t   l e a s t   when  the   m o n o o l e f i n   i s  

e t h y l e n e .  

A c c o r d i n g l y ,   the   p r e s e n t   i n v e n t i o n   i n c l u d e s  

a  p r o c e s s   f o r   t he   p r o d u c t i o n   of  a l k y l a m i n e s   w h i c h   c o m -  

p r i s e s   r e a c t i n g   a  m o n o o l e f i n   w i t h   ammonia   in  t h e  

p r e s e n c e   of  an  a l k a l i   m e t a l   amide   c a t a l y s t   w h e r e i n   t h e  

a l k a l i   m e t a l   amide   c a t a l y s t   is  s e l e c t e d   f rom  t he   g r o u p  

c o n s i s t i n g   of  c e s i u m   a m i d e ,   r u b i d i u m   a m i d e ,   m i x t u r e s  

of  a l k a l i   m e t a l   a m i d e s   w h i c h   a r e   a t   l e a s t   25  mole   p e r -  
c e n t   c e s i u m   or  r u b i d i u m   amide   and  m i x t u r e s   of  a m i d e s  

m e l t i n g   b e l o w   the   r e a c t i o n   t e m p e r a t u r e .  

The  a l k a l i   m e t a l   a m i d e s   may  be  i n t r o d u c e d   a s  

s u c h   i n t o   t he   r e a c t i o n   m i x t u r e   or  f o r m e d   in  s i t u .   T h e  

p r e f e r r e d   r e a c t i o n   t e m p e r a t u r e   when  e t h y l e n e   is  t h e  

r e a c t a n t   is  b e t w e e n   a b o u t   80°C  and  a b o u t   1 3 2 . 5 ° C ;   a n d ,  

in  t h a t   c a s e ,   t he   p a r t i a l   p r e s s u r e   of  ammonia   i s  

p r e f e r a b l y   s u f f i c i e n t   f o r   l i q u i d   ammonia   to  be  p r e s e n t .  

The  p r e s e n t   i n v e n t i o n   a l s o   i n c l u d e s   n o v e l  

c a t a l y s t   c o m p o s i t i o n s   w h i c h   a re   m i x t u r e s   of  e i t h e r  

s o d i u m   a m i d e   or  p o t a s s i u m   amide   w i t h   e i t h e r   c e s i u m   o r  

r u b i d i u m   amide   and  w h i c h   m e l t   at   l e a s t   50°C  b e l o w   t h e  

l o w e r   m e l t i n g   of  t he   i n d i v i d u a l   c o m p o n e n t s .   P r e f e r r e d  

c o m p o s i t i o n s   a r e   a b o u t   4 0 - 8 5   mol  p e r c e n t   c e s i u m   a m i d e  

w i t h   a b o u t   1 5 - 6 0   mol  p e r c e n t   s o d i u m   amide   and  a l s o  

a b o u t   4 0 - 7 0   mol  p e r c e n t   c e s i u m   amide   w i t h   a b o u t   3 0 - 6 0  

mol  p e r c e n t   p o t a s s i u m   a m i d e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

M o n o o l e f i n s   s u i t a b l e   f o r   t h e   p r e s e n t   p r o c e s s  
i n c l u d e   c y c l i c   and  a c y c l i c   a l k e n e s   of  two  to  s i x  

c a r b o n s ,   w h i c h   a r e   p r e f e r a b l y   l i n e a r   a l p h a - o l e f i n s   s u c h  

as  e t h y l e n e ,   p r o p y l e n e ,   1 - b u t e n e ,   1 - p e n t e n e   or  1 - h e x e n e .  

O t h e r   t h a n   e t h y l e n e ,   t h e s e   o l e f i n s   form  s e c o n d a r y  



a l k y l a m i n e s   such   as  i s o p r o p y l a m i n e .   B r a n c h e d   a l k e n e s  

s u c h   as  i s o b u t y l e n e   may  a l s o   be  u s e d .   N o n - a l p h a -  
o l e f i n s   s u c h   as  2 - b u t e n e   or  2 - h e x e n e   may  a l s o   be  u s e d  

a l o n e   or  in  a d m i x t u r e   w i t h   a l p h a - o l e f i n s .   C y c l i c  

m o n o o l e f i n s   such   as  c y c l o h e x e n e   may  a l s o   be  u s e d .  

E t h y l e n e   and  p r o p y l e n e   a r e   the   mos t   p r e f e r r e d   m o n o o l e f i n  

r e a c t a n t s .  

The  p r e f e r r e d   r e a c t i o n   t e m p e r a t u r e   w h e n  

ammon ia   and  e t h y l e n e   a r e   the   r e a c t a n t s   i s   b e t w e e n   a b o u t  

80°C  and  a b o u t   1 3 2 . 5 ° C ,   t he   c r i t i c a l   t e m p e r a t u r e   o f  

a m m o n i a .   The  p a r t i a l   p r e s s u r e   of  ammonia   s h o u l d  

t h e n   be  s u f f i c i e n t   to  r e s u l t   in  the   p r e s e n c e   of  s o m e  

l i q u i d   ammonia   a t   t he   r e a c t i o n   t e m p e r a t u r e ,   and  t h i s   c a n  

be  a c h i e v e d   by  c h a r g i n g   s u f f i c i e n t   ammonia   to  t h e  

r e a c t i o n   v e s s e l .   A  more   p r e f e r r e d   r a n g e   f o r   t h i s  

r e a c t i o n   t e m p e r a t u r e   w i k t h   e t h y l e n e   is  b e t w e e n   a b o u t  

90°C  and  a b o u t   1 1 0 ° C .   H i g h e r   t e m p e r a t u r e s   a p p e a r   t o  

r e s u l t   in  some  i n c r e a s e   of  b y p r o d u c t   f o r m a t i o n ,   w h i l e  

l o w e r   t e m p e r a t u r e s   r e d u c e   t h e   r e a c t i o n   r a t e .  

N e v e r t h e l e s s ,   such   h i g h e r   or  l o w e r   t e m p e r a t u r e s   a r e   n o t  

e x c l u d e d .   In  p a r t i c u l a r ,   h i g h e r   t e m p e r a t u r e   may  be  m o r e  

d e s i r a b l e   f o r   o l e f i n s   o t h e r   t h a n   e t h y l e n e .   When  a  
m i x t u r e   of  a m i d e s   a r e   u sed   as  c a t a l y s t ,   e s p e c i a l l y   f o r  

o l e f i n s   h i g h e r   t h a n   e t h y l e n e ,   a  p r e f e r r e d   t e m p e r a t u r e  

r a n g e   is   a b o u t   90  to   a b o u t   2 0 0 ° C ,   bu t   h i g h e r   t h a n   t h e  

m e l t i n g   p o i n t   of  t he   m i x e d   a m i d e .   A  more   p r e f e r r e d  

t e m p e r a t u r e   r a n g e   f o r   t h i s   r e a c t i o n   is  b e t w e e n   a b o u t  

100°C  and  a b o u t   1 6 0 ° C .  

The  a l k a l i   m e t a l   amide   c a t a l y s t   u sed   may  b e  

one  w h i c h   c o n t a i n s   a  m a j o r   p r o p o r t i o n   of  c e s i u m   a m i d e ,  

r u b i d i u m   amide   or  b o t h   ( a t   l e a s t   25  mo le   p e r c e n t   of  t h e  

t o t a l   a l k a l i   m e t a l   a m i d e ) .   I t   has  been   f o u n d   t h a t   t h e s e  

a m i d e s   a re   more  a c t i v e   as  c a t a l y s t s   t h a n   e i t h e r   s o d i u m  

or   p o t a s s i u m   a m i d e .   T h i s   may  be  due  in  p a r t   to  t h e  

s o l u b i l i t y   of  t h e s e   a m i d e s   in  l i q u i d   a m m o n i a :   p o t a s s i u m  

a m i d e   is  o n l y   m o d e r a t e l y   s o l u b l e   in  l i q u i d   a m m o n i a ,   a n d  

s o d i u m   amide   is  s l i g h t l y   s o l u b l e   in  l i q u i d   a m m o n i a .  

P o t a s s i u m   amide   and  s o d i u m   amide   a r e   h e l p f u l ,   at   l e a s t  



w i t h   c e s i u m   amide   and  p r o b a b l y   a l s o   w i t h   r u b i d i u m   a m i d e ,  

s i n c e   a  p o t a s s i u m / c e s i u m   amide   e u t e c t i c   and  a  s o d i u m /  

c e s i u m   amide   e u t e c t i c   have   been   f o u n d   to  e x i s t .   T h u s  

any  s u b s t a n t i a l   p r o p o r t i o n   of  p o t a s s i u m   amide   or  s o d i u m  

amide   w i l l   d e c r e a s e   t he   m e l t i n g   p o i n t   of  t he   c e s i u m  

a m i d e ,   and  w i l l   p r o b a b l y   have   the   same  e f f e c t   o n  

r u b i d i u m   a m i d e .   W h i l e   s o d i u m   amide   or  p o t a s s i u m   a m i d e  

a l o n e   a r e   no t   s u i t a b l e   (and  a r e   t a u g h t   or  s u g g e s t e d   i n  

t he   Howk  e t   al   a r t i c l e ) ,   m i x t u r e s   of  the   two,   p a r t i c u -  

l a r l y   n e a r   t he   1 :2   mole   r a t i o   e u t e c t i c   ( m e l t i n g   p o i n t  

a b o u t   90°C)   a r e   s u i t a b l e   f o r   the   p r e s e n t   p r o c e s s .   T h e s e  

m e l t s   may  be  used   w i t h   or  w i t h o u t   l i q u i d   ammonia   p r e s e n t .  

E s p e c i a l l y   i f   l i q u i d   ammonia   is  no t   p r e s e n t ,   use  of  l o w  

m e l t i n g   amide   m i x t u r e s   a r e   e s p e c i a l l y   p r e f e r r e d .  

T h e s e   mixed   a m i d e s   may  be  f rom  one  of  t h e  

f o l l o w i n g   s y s t e m s :  

s o d i u m / p o t a s s i u m   a m i d e  

s o d i u m / c e s i u m   a m i d e  

p o t a s s i u m / c e s i u m   a m i d e  

s o d i u m / r u b i d i u m   a m i d e  

p o t a s s i u m / r u b i d i u m   a m i d e  

and  s h o u l d   m e l t   a t   l e a s t   50°C  b e l o w   t he   m e l t i n g   p o i n t   o f  

t h e   l o w e s t   m e l t i n g   c o m p o n e n t ,   and  b e l o w   the   r e a c t i o n   t e m -  

p e r a t u r e .   I t   is  a l s o   c o n t e m p l a t e d   to  use   m i x t u r e   o f  

more  t h a n   two  a m i d e s   h a v i n g   a  m e l t i n g   p o i n t   a t   l e a s t  

50°C  b e l o w   the   m e l t i n g   p o i n t   of  the   l o w e s t   m e l t i n g  

c o m p o n e n t ,   and  b e l o w   the   r e a c t i o n   t e m p e r a t u r e .   P r e f e r -  

r e d   m i x t u r e s   a r e   t h o s e   m e l t i n g   b e l o w   150°C  such   a s  

s o d i u m / c e s i u m   a m i d e   m i x t u r e s   of  a b o u t   1 5 - 5 0   mole   % 

s o d i u m ,   p o t a s s i u m / c e s i u m   amide   m i x t u r e s   of  a b o u t   3 0 - 6 0  

mole   %  p o t a s s i u m   and  s o d i u m / p o t a s s i u m   amide   m i x t u r e s   o f  

a b o u t   3 0 - 7 0   mole   %  s o d i u m .   M i x t u r e s   in  t h e s e   f a m i l i e s  

h a v i n g   a t   l e a s t   a b o u t   25  mole   %,  and  p r e f e r a b l y   a t   l e a s t  

50  m o l e  %   c e s i u m   a r e   more  p r e f e r r e d   s i n c e   c e s i u m   a m i d e  

is  the   mos t   a c t i v e   c a t a l y s t   of  t he   g r o u p   s o d i u m ,  

p o t a s s i u m   and  c e s i u m   a m i d e .   S i m i l a r   m i x t u r e s   h i g h   i n  

r u b i d i u m ,   i f   t h e y   m e l t   a t   l e a s t   50°C  b e l o w   t he   l o w e s t  

m e l t i n g   c o m p o n e n t ,   a r e   a l s o   p r e f e r r e d .  



Such  m a t e r i a l s   as  t he   a l k a l i n e   e a r t h   a m i d e s ,  

f o r   e x a m p l e   m a g n e s i u m ,   c a l c i u m ,   s t r o n t i u m   and  b a r i u m  

a m i d e s   and  c e r t a i n   l a n t h a n i d e   ( r a r e - e a r t h )   m e t a l   a m i d e s  

s p e c i f i c a l l y   e u r o p i u m   and  y t t e r b i u m   a m i d e s   may  be  s o l u -  

a b l e   in  t he   a l k a l i   m e t a l   m i x e d   amide   m e l t s .   I t   i s  

c o n t e m p l a t e d   t h a t   m i x t u r e s   of  one  or  more  of  t he   a b o v e  

a l k a l i n e   e a r t h   a n d / o r   r a r e   e a r t h   a m i d e s   w i t h   t he   m i x e d  

a l k a l i   m e t a l   a m i d e s   may  a l s o   be  u sed   as  c a t a l y s t s   i n  

t h i s   i n v e n t i o n .  

When  l i q u i d   ammonia   is  p r e s e n t ,   t h e   p r e f e r r e d  

a m i d e s   a r e   c e s i u m   amide   a l o n e ,   r u b i d i u m   a m i d e   a l o n e   a n d  

c e s i u m / p o t a s s i u m   a m i d e .  

The  t o t a l   p r e s s u r e   of  t he   r e a c t i o n   m i x t u r e   i n  

t h e   p r e s e n t   r e a c t i o n   is   i m p o r t a n t   b u t   no t   c r i t i c a l ,   a n d  

is   d e t e r m i n e d   by  the   a m o u n t   and  v o l a t i l i t y   of  t h e  

r e a c t a n t s   and  t h e   t e m p e r a t u r e   and  r e a c t o r   v o l u m e .  

I n c r e a s e d   p r e s s u r e s   of  e i t h e r   ammonia   o r  

o l e f i n   do  t e n d   to  i n c r e a s e   t he   r e a c t i o n   r a t e  

f o r   a  p a r t i c u l a r   o l e f i n   and  t e m p e r a t u r e   and  c a t a l y s t .  

T o t a l   p r e s s u r e s   above   a b o u t   1  MPa  a r e   p r e f e r r e d ,   w i t h  

t o t a l   p r e s s u r e s   b e t w e e n   a b o u t   8  and  a b o u t   25  MPa  b e i n g  

more   p r e f e r r e d .  

S i n c e   t he   m o n o o l e f i n   r e a c t a n t   ( a t   l e a s t  

e t h y l e n e   and  p r o p y l e n e )   is  g e n e r a l l y   f o u n d   p r i n c i p a l l y  

in  t he   v a p o r   or  gas  p h a s e   u n d e r   r e a c t i o n   c o n d i t i o n s ,   i t s  

v a p o r   p r e s s u r e   w i l l   be  a  f u n c t i o n   of  t he   r e a c t i o n  

t e m p e r a t u r e ,   the   p a r t i c u l a r   o l e f i n   and  t h e   a m o u n t   o f  

o l e f i n   to  be  i n t r o d u c e d   i n t o   t he   r e a c t i o n   m i x t u r e .   T h e  

p a r t i a l   p r e s s u r e   of  ammonia   w i l l   a l s o   be  a  f u n c t i o n   o f  

t h e   r e a c t i o n   t e m p e r a t u r e ,   t he   a m o u n t   and  i d e n t i t y   o f  

o l e f i n   and  the   a m o u n t   of  ammonia   i n t r o d u c e d .   I t   i s  

p r e f e r r e d   when  e t h y l e n e   is  t he   o l e f i n   to   use   s u f f i c i e n t  

a m m o n i a   f o r   l i q u i d   ammonia   to  be  p r e s e n t   in  the   r e a c t i o n  

m i x t u r e ,   and  t h u s   f o r   t h e   p a r t i a l   p r e s s u r e   of  ammonia   t o  

be  h i g h   e n o u g h   to  a s s u r e   t h a t   l i q u i d   ammonia   is   p r e s e n t .  

R e a c t i o n   w i l l   o c c u r   even   i f   t he   t e m p e r a t u r e   is   too   h i g h  

o r   i f   t he   ammon ia   p a r t i a l   p r e s s u r e   is  t oo   low  f o r   l i q u i d  

a m m o n i a   to  be  p r e s e n t ,   b u t   t he   c o n v e r s i o n s   and  r a t e s   a r e  



s u b s t a n t i a l l y   i n c r e a s e d   f o r   e t h y l e n e   when  l i q u i d   a m m o n i a  

is   p r e s e n t .   I t   is  t h e n   p r e f e r r e d   t h a t   s u f f i c i e n t   l i q u i d  

ammon ia   be  p r e s e n t   to  d i s s o l v e   p a r t ,   or  more  p r e f e r a b l y  

a l l ,   of  t he   a l k a l i   m e t a l   amide   c a t a l y s t .   In  t he   c a s e   o f  

c e s i u m   amide   or  r u b i d i u m   amide   a l o n e ,   t h i s   a m o u n t   is  a 

f u n c t i o n   of  t e m p e r a t u r e   and  the   known  s o l u b i l i t y   l i m i t s .  

In  t he   c a s e   of  the   p o t a s s i u m / c e s i u m   amide   s y s t e m ,   t h e  

s o d i u m /   c e s i u m   amide   s y s t e m   and  the   p o t a s s i u m / s o d i u m  

a m i d e   s y s t e m ,   t he   m e l t s   of  a m i d e s   a re   e x p e c t e d   to  b e  

m i s c i b l e   in  a l l   p r o p o r t i o n s   w i t h   l i q u i d   a m m o n i a ,   a n d  

t h u s   any  a m o u n t   of  l i q u i d   ammonia   may  be  b e n e f i c i a l .  

E x a m p l e   I  

A  s t a i n l e s s   s t e e l   p r e s s u r e   v e s s e l   e q u i p p e d  

w i t h   m a g n e t i c   s t i r r e r   was  c o n n e c t e d   to  a  p r e s s u r e   g a g e  

(of   m i n i m a l   i n t e r n a l   v o l u m e )   to   p r o d u c e   a  s y s t e m   o f  

a b o u t   40  mL  i n t e r n a l   v o l u m e .   The  v e s s e l   was  l o a d e d   w i t h  

c e s i u m   amide   ( 1 . 5   g,  1 0 . 1   m m o l ) ,   a n h y d r o u s   ammonia   ( 2 3 7  

mmol)  and  e t h y l e n e   (132  m m o l ) .   The  amide   was  t r a n s -  

f e r r e d   and  l o a d e d   in  an  i n e r t   a t m o s p h e r e   b e c a u s e   i t   i s  

h y d r o s c o p i c   in  a i r .   The  g a s e s   were   c h a r g e d   u s i n g   a  

m e t a l   p r e s s u r e / v a c u u m   gas  m a n i f o l d .  T h e   f u l l   l e n g t h   o f  

t h e   r e a c t o r   was  h e a t e d   w i t h   s t i r r i n g   to  101°C  and  k e p t   a t  

t h a t   t e m p e r a t u r e   f o r   one  h o u r .   Then  the   r e a c t o r  

c o n t e n t s   were   b l e d   i n t o   a  l i q u i d   n i t r o g e n - c o o l e d   t r a p  

and  the   p r e s s u r e ,   i f   any ,   f rom  r e s i d u a l   n o n - c o n d e n s i b l e  

g a s e s   ( n i t r o g e n   and  h y d r o g e n )   was  r e a d   on  a  m e r c u r y  

m a n o m e t e r .   In  t h i s   e x a m p l e   a b o u t   0 . 0 4   mmol  of  n i t r o g e n  

and  h y d r o g e n   was  s e e n .   The  c o n d e n s e d   l i q u i d   w a s  

d i s t i l l e d   a t   - 1 1 1 ° C   to  r emove   the   b u l k   of  the   u n r e a c t e d  

e t h y l e n e ,   w i t h   t he   gas  r e m o v e d   a n a l y z e d   f o r   e t h a n e  

( d e t e c t i o n   l i m i t   a b o u t   0 .1   m m o l ) .   In  t h i s   e x a m p l e   n o  

e t h a n e   was  s e e n .   The  r e m o v e d   l i q u i d   p r o d u c t   w a s  

a n a l y z e d   by  gas  c h r o m a t o g r a p h y ,   u s i n g   c a l i b r a t i o n s   w i t h  

known  m i x t u r e s   of  m o n o - ,   d i - ,   a n d / o r   t r i e t h y l a m i n e .   I n  

t h i s   E x a m p l e ,   t he   p r o d u c t s   were   m o n o e t h y l a m i n e   (MEA) 

(32  m m o l ) ,   d i e t h y l a m i n e   (DEA)  (3  mmol)  and  t r i e t h y l a m i n e  

(TEA)  (2  mrno l ) ,   f o r   34%  c o n v e r s i o n   to  a l k y l a m i n e s   b a s e d  

on  e t h y l e n e ,   t he   l i m i t i n g   r e a c t a n t   in  t h i s   e x a m p l e .   No 



o t h e r   o r g a n i c   p r o d u c t s   were   d e t e c t e d   by  g a s  

c h r o m a t o g r a p h y .  

E x a m p l e   2 - 9  

E x a m p l e   1  was  r e p e a t e d   w i t h   t he   v a r i a t i o n s   i n  

c a t a l y s t   and  t ime   ( a t   101°C)   i n d i c a t e d   in  T a b l e   1.  I n  

a l l   c a s e s   132  mmol  e t h y l e n e   and  237  mmol  ammonia   w e r e  

c h a r g e d .   For   E x a m p l e   6,  the   c a t a l y s t   f rom  E x a m p l e   4  wa 

l e f t   in  the   r e a c t o r .   The  p r e s s u r e   when  101°C  was  f i r s t  

r e a c h e d   and  a t   t he   end  of  t he   r e a c t i o n   p e r i o d   a r e   i n d i -  

c a t e d .   The  a m o u n t s   of  v a r i o u s   e t h y l a m i n e s   (MEA,  DEA 

and  TEA)  d e t e c t e d   a re   shown  in  T a b l e   1,  as  a r e   t h e  

c a l c u l a t e d   c o n v e r s i o n s   of  e t h y l e n e .  

No  e t h a n e   or  n o n - c o n d e n s i b l e s   were   d e t e c t e d   in  E x a m p l e s  

2,  3,  4  or   5  or   in  C o m p a r a t i v e   E x a m p l e s   7  and  8,  w i t h  

d e t e c t i o n   l i m i t s   b e i n g   a b o u t   0 . 0 4   mmol  f o r   n o n - c o n d e n -  

s i b l e   and  0 .1   mmol  f o r   e t h a n e .   In  E x a m p l e   1,  0 . 0 4   mmol  

of   n o n - c o n d e n s i b l e   ( t h e   d e t e c t i o n   l i m i t )   was  d e t e c t e d ,  

b u t   no  e t h a n e .   In  E x a m p l e s   6  and  9,  r e s p e c t i v e l y ,   2  a n d  



0 .3   mmol  of  e t h a n e   and  0 .4   and  1  mmol  of  n o n - c o n d e n -  

s i b l e s   were   d e t e c t e d .  

T h e s e   r e s u l t s   show  h i g h   c o n v e r s i o n s   in  s h o r t   t i m e s  

f o r   c e s i u m   amide   (1  and  2 ) ,   r u b i d i u m   amide   (3)  and  t h e  

c e s i u m / p o t a s s i u m   amide   m e l t   (4  and  5 ) .   S o d i u m   (C7)  o r  

p o t a s s i u m   (C8)  amide   a l o n e   p r o d u c e d   v e r y   s m a l l   y i e l d s  

e v e n   a f t e r   e x t e n d e d   p e r i o d s .   The  s o d i u m / p o t a s s i u m   a m i d e  

e u t e c t i c   (9)  p r o d u c e d   b e t t e r   y i e l d s ,   bu t   o n l y   a f t e r   an  e 

t e n d e d   p e r i o d .  

E x a m p l e   1 0  -   1 1 1 0 C  

E x a m p l e   1  was  r e p e a t e d   u s i n g   2 .7   mmol  o f  

c e s i u m   amide   a t   111°C  f o r   1 .1   h.  The  p r o d u c t s   were   MEA 

(17  m m o l ) ,   DEA  (1  mrnol)  and  TEA  ( 0 . 7   mmol)  w i t h   n o  

e t h a n e   and  a b o u t   0 .2   mmol  n o n - c o n d e n s i b l e s   d e t e c t e d .  

T h i s   r e p r e s e n t s   a  16%  c o n v e r s i o n   w i t h   l e s s   c a t a l y s t ,  

h i g h e r   t e m p e r a t u r e   and  a  s h o r t e r   r e a c t i o n   t i m e ,   bu t   a t  

t h e   e x p e n s e   of  f o r m a t i o n   of  a  s m a l l   a m o u n t   of  h y d r o g e n  

and  n i t r o g e n   n o n - c o n d e n s i b l e   b y - p r o d u c t s .  

E x a m p l e   1 1  -   8 0 ° C  

When  E x a m p l e   4  was  r e p e a t e d   a t   80°C  o v e r   16  h ,  

b u t   w i t h   l e s s   ammonia   (167  mmol)  and  e t h y l e n e   ( 1 1 3  

m m o l ) ,   c o n v e r s i o n   to  MEA,  DEA  and  TEA  was  o b s e r v e d ,   w i t h  

s m a l l   a m o u n t s   of  e t h a n e   and  n o n c o n d e n s i b l e s   d e t e c t e d .  

O t h e r   r u n s   showed   p r e s s u r e   d r o p s ,   i n d i c a t i v e   of  r e a c t i o n  

o c c u r r i n g ,   w i t h   t e m p e r a t u r e s   as  low  as  80°C  and  as  h i g h  

as  1 2 0 ° C .  

E x a m p l e   1 2  -   P r o p y l e n e   A m i n a t i o n   Wi th   Ces ium  A m i d e  

A  r e a c t o r   of  a p p r o x i m a t e l y   40  mL  i n t e r n a l  

v o l u m e   was  l o a d e d   w i t h   c e s i u m   amide   ( 1 . 4   g ) ,   a m m o n i a  

(237  mmol)  and  p r o p y l e n e   (168  mmol ) .   The  r e a c t o r  

was  h e a t e d   w i t h   m a g n e t i c   s t i r r i n g   at   111°C  f o r  

two  h o u r s   and  t h e n   at   116°C  f o r   19  h o u r s .   At  t h e  

l a t t e r   t e m p e r a t u r e   the   p r e s s u r e   was  1 2 . 4   MPa.  I t   i s  

b e l i e v e d   t h a t   u n d e r   t h e s e   c o n d i t i o n s   t he   CsNH2  is   ( a t  

l e a s t   in  p a r t )   d i s s o l v e d   in  l i q u i d   NH3.  A  s m a l l  

p r e s s u r e   d r o p   of  a b o u t   0 . 0 6   MPa  was  n o t e d   d u r i n g   t h e  

r e a c t i o n   p e r i o d .   The  r e a c t o r   c o n t e n t s   were   t h e n  

b l e d   i n t o   a  - 1 9 6 ° C   c o l d   t r a p ,   and  the   p r e s e n c e   o f  



any  n o n - c o n d e n s i b l e s   (none   were   f o u n d   in  t h i s   c a s e )  

were   m e a s u r e d   on  a  m e r c u r y   m a n o m e t e r .   The  p r o d u c t  

was  f r a c t i o n a t e d   a t   low  t e m p e r a t u r e s   ( - 8 0 ° C )   i n t o   ( a )  

a  m i x t u r e   of  l a r g e l y   p r o p y l e n e   w i t h   some  ammonia   a n d  

(b)  a  m i x t u r e   of  ammonia   and  p r o p y l a m i n e s .   The  f r a c t i o n  

(a)  was  a n a l y z e d   by  gas  c h r o m a t o g r a p h y   f o r   p r o p y l e n e   a n d  

p r o p a n e .   No  p r o p a n e   was  f o u n d   in  t h i s   e x a m p l e .   F r a c -  

t i o n   (b)  was  shown  by  gas  c h r o m a t o g r a p h y   to  c o n t a i n   i s o -  

p r o p y l a m i n e   ( a b o u t   10  mmol)  and  n - p r o p y l a m i n e   ( a b o u t  

0 .4   m m o l ) .  

E x a m p l e   1 3  

A  40  mL  r e a c t o r   was  l o a d e d   w i t h   2 .5   g  of  a  

m i x t u r e   of  c e s i u m   and  p o t a s s i u m   a m i d e s   ( r a t i o   Cs 

( m e t a l ) :   K ( m e t a l )  =   4:1  by  w e i g h t ) ,   ammonia   (118  m m o l )  

and  p r o p y l e n e   (142  m m o l ) .   The  m i x t u r e   was  h e a t e d   w i t h  

s t i r r i n g   f o r   17  h o u r s   a t   1 3 9 ° C .   D u r i n g   t h i s   p e r i o d ,  

t h e   p r e s s u r e   d r o p p e d   f rom  a p p r o x i m a t e l y   1 2 . 1   to   1 1 . 2  

MPa.  The  p r o d u c t s :   i s o p r o p y l a m i n e   (19  mmol)  a n d  

n - p r o p y l a m i n e   ( a b o u t   0 .8   mmol)  were   c o l l e c t e d ,   a s  
d e t a i l e d   in  E x a m p l e   12.  In  t h i s   e x a m p l e ,   h o w e v e r ,  

s m a l l   a m o u n t s   of  n o n - c o n d e n s i b l e   g a s e s   ( h y d r o g e n   a n d  

n i t r o g e n )   and  some  p r o p a n e   were  a l s o   f o r m e d .  

E x a m p l e   14  

A  p r e s s u r e   r e a c t o r   of  a b o u t   40  mL  c a p a c i t y   w a s  

c h a r g e d   w i t h   a  m i x t u r e   of  c e s i u m   amide   ( 2 . 7 5   g)  a n d  

s o d i u m   amide   ( 0 . 2 5   g ) .   Ammonia  (122  mmol)  and  p r o p y -  
l e n e   (142  mmol)  we re   t h e n   c o n d e n s e d   i n t o   t he   r e a c t o r .  

The  m i x t u r e   was  h e a t e d ,   w i t h   m a g n e t i c   s t i r r i n g ,   t o  

139°C  f o r   1 7 . 5   h o u r s .   The  a p p a r a t u s   was  t h e n   c o o l e d   t o  

a b o u t   120°C  and  a l l   t he   v o l a t i l e s   c o l l e c t e d   a n d  

f r a c t i o n a t e d   in  v a c u u m ,   as  d e t a i l e d   in  E x a m p l e   1 3 .  

I s o p r o p y l a m i n e   (13  m m o l ) ,   n - p r o p y l a m i n e   ( 0 . 7   m m o l )  

were   f o r m e d .   P r o p a n e   (2  mmols)   and  n o n - c o n d e n s i b l e  

g a s e s   ( 0 . 8   mmols)   w e r e   a l s o   p r o d u c e d .  



E x a m p l e   1 5  -   F r e e z i n g   P o i n t s  
C e s i u m / P o t a s s i u m   Amide  a n d  
C e s i u m / S o d i u m   A m i d e  

C e s i u m   amide   was  mixed   w i t h   s o d i u m   amide   i n  

the   p r o p o r t i o n s ,   by  w e i g h t ,   i n d i c a t e d   in  T a b l e   2 .  

C e s i u m   amide   was  m i x e d   w i t h   p o t a s s i u m   amide   in  t h e  

p r o p o r t i o n s ,   by  w e i g h t ,   i n d i c a t e d   in  T a b l e   3.  T h e  

c o m p o s i t i o n s   were  m e l t e d   u n d e r   an  i n e r t   a t m o s p h e r e   a n d  

a l l o w e d   to  c o o l   s l o w l y   w i t h   t e m p e r a t u r e   m o n i t o r i n g .  

I n f l e c t i o n s   at   t he   f r e e z i n g   p o i n t s   i n d i c a t e d   in  t h e  

t a b l e s   were   o b s e r v e d .   I t   s h o u l d   be  n o t e d   t h a t   a l l   m i x -  

t u r e s   m e a s u r e d   m e l t e d   w e l l   be low  the   m e l t i n g   p o i n t   o f  

p u r e   c e s i u m   amide   ( 2 6 2 ° C ) ,   p u r e   p o t a s s i u m   amide   ( 3 3 8 ° C )  

or   p u r e   s o d i u m   amide   ( 2 1 0 ° C ) .  



1.  A  p r o c e s s   f o r   t he   p r o d u c t i o n   of  a l k y l -  

a m i n e s   wh ich   c o m p r i s e s   r e a c t i n g   a  m o n o o l e f i n   w i t h  

in  the   p r e s e n c e   of  an  a l k a l i   m e t a l   amide   c a t a l y s t  

w h e r e i n   the   a l k a l i   m e t a l   amide   c a t a l y s t   is  s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of  c e s i u m   a m i d e ,   r u b i d i u m   a m i d e ,  

m i x t u r e s   of  a l k a l i   m e t a l   a m i d e s   w h i c h   a r e   a t   l e a s t   25  

mole   p e r c e n t   c e s i u m   or  r u b i d i u m   amide   and  m i x t u r e s   o f  

a m i d e s   m e l t i n g   b e l o w   the   r e a c t i o n   t e m p e r a t u r e .  
2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   a t  

l e a s t   25  mol  p e r c e n t   of  t he   a l k a l i   m e t a l   c a t a l y s t   i s  

c e s i u m   a m i d e .  

3.  The  p r o c e s s   of  c l a i m   2  w h e r e i n   t he   a l k a l i  

m e t a l   c a t a l y s t   is  c e s i u m   a m i d e .  

4.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t he   a l k a l i  

m e t a l   c a t a l y s t   is  a  m i x t u r e   of  a b o u t   40  to   a b o u t   70  

mol  p e r c e n t   c e s i u m   amide   and  a b o u t   30  to   a b o u t   60  m o l  

p e r c e n t   p o t a s s i u m   a m i d e .  

5.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   a l k a l i  

m e t a l   c a t a l y s t   is  a  m i x t u r e   of  a b o u t   40  to   a b o u t   85  m o l  

p e r c e n t   c e s i u m   amide   and  a b o u t   15  to   a b o u t   60  m o l  

p e r c e n t   s o d i u m   a m i d e .  

6.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t he   a l k a l i  

m e t a l   c a t a l y s t   is  r u b i d i u m   a m i d e .  

7.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t he   a l k a l i  

m e t a l   c a t a l y s t   is  a  m i x t u r e   of  a b o u t   25  to  a b o u t   40  m o l  

p e r c e n t   p o t a s s i u m   amide   w i t h   a b o u t   60  to   a b o u t   75  m o l  

p e r c e n t   s o d i u m   a m i d e .  

8.  The  p r o c e s s   of  c l a i m   4  or   5  or   7  w h e r e i n  

t h e   r e a c t i o n   t e m p e r a t u r e   is  b e t w e e n   the   m e l t i n g   p o i n t   o f  

t he   m i x t u r e   and  2 2 0 ° C .  

9.  The  p r o c e s s   of  c l a i m   1  or   2  or   3  o r   4  o r  

5  or   6  w h e r e i n   t he   r e a c t i o n   t e m p e r a t u r e   is  b e t w e e n   a b o u t  

80°C  and  a b o u t   1 3 2 . 5 ° C   and  the   p a r t i a l   p r e s s u r e   o f  

ammonia   is  s u f f i c i e n t   f o r   l i q u i d   ammonia   to  be  p r e s e n t  

in  t he   r e a c t i o n   m i x t u r e   t h r o u g h o u t   t he   r e a c t i o n .  

10.  The  p r o c e s s   of  c l a i m   9  w h e r e i n   t he   a l k a l i  

m e t a l   amide   is  d i s s o l v e d   in  l i q u i d   a m m o n i a .  



11.  The  p r o c e s s   of  c l a i m   9  w h e r e i n   the   m o n o -  
o l e f i n   is  e t h y l e n e .  

12.  The  p r o c e s s   of  c l a i m   11  w h e r e i n   t he   r e a c -  

t i o n   t e m p e r a t u r e   is  b e t w e e n   a b o u t   90°C  and  a b o u t   1 1 0 ° C .  

13.  A  m i x e d   amide   m e l t i n g   b e l o w   200°C  w h i c h  

c o m p r i s e s   a b o u t   40  to   a b o u t   70  mol  p e r c e n t   c e s i u m   a m i d e  

and  a b o u t   30  to   a b o u t   60  mol  p e r c e n t   p o t a s s i u m   a m i d e .  

14.  A  m i x e d   amide   m e l t i n g   be low  160°C  w h i c h  

c o m p r i s e s   a b o u t   40  to   a b o u t   85  mol  p e r c e n t   c e s i u m   a m i d e  

and  a b o u t   15  to  a b o u t   60  mol  p e r c e n t   s o d i u m   a m i d e .  
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